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Abstract 

 With increasing healthcare expenditures above the rate of inflation, new health care 

delivery models are needed. Since care for chronic health conditions accounts for a majority of 

spending, more cost-effective ways to manage these conditions are especially necessary and 

could be the most effective in decreasing health care costs. Shared medical appointments 

(SMAs) are a promising solution because they increase patient education through group 

appointments while simultaneously increasing productivity by allowing a provider to see patients 

in a group but bill for them individually. In this study, 38 patient volunteers participated in an 

SMA as part of a pilot program at Duke Family Medicine (DFM). As part of this program, 

patients were randomly assigned to groups that offered varying versions of an SMA curriculum 

over the course of 3 years. Data collected included HbA1c scores, number and type of 

medications, type of insurance and payments, number and type of visit (including hospital 

admissions, emergency room visits, primary care and specialty visits), laboratory tests 

completed, and home address. Data was collected during, after, and for the six months prior to 

starting the SMAs. Data points from six months prior to the SMAs serve as a control. HbA1c 

served as the measure of health outcome while the rest of the data was used in estimating the 

total healthcare costs of control and treatment periods. Any changes in HbA1c were converted 

into changes in quality adjusted life years (QALYs) for the cost-effectiveness calculations. The 

estimated total costs and changes in QALYs were used to calculate the average cost-

effectiveness of both the control and treatment periods. Given the small sample size, the SMAs 

appeared to be more cost-effective for patients that attended a majority of the SMA sessions. The 

cost-effectiveness comparison for all patients was inconclusive. This study’s calculations should 

be repeated once more patients complete SMAs in order to increase the power of the tests and 

provide conclusive results for all patients. 

 

 

 

 

 

JEL classification: I10; I12; I13; I18 

Keywords: Cost-effectiveness; Type II Diabetes; Diabetes control; Shared Medical 

Appointments 
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I.  Introduction 

Health spending totaled $74.6 billion in 1970.  By 2000 health expenditures had reached 

about $1.4 trillion and in 2015 the amount spent on health had doubled to $3.2 trillion. Total 

health expenditures represent the amount spent on healthcare and health-related activities (such 

as administration of insurance, health research, and public health), including expenditures from 

both public and private funds (Peterson-Kaiser, 2017). As of 2012, about half of all adults—117 

million people—had one or more chronic health conditions and one of four adults had two or 

more chronic health conditions (Ward et al., 2012). Eighty-six percent of all health care spending 

in 2010 was for people with one or more chronic medical conditions (Gerteis et al., 2014).  

According to the Center for Disease Control (CDC), the total estimated cost of diagnosed 

diabetes in 2012 is $245 billion, including $176 billion in direct medical costs and $69 billion in 

reduced productivity. The largest components of medical expenditures are: 

1. hospital inpatient care (43% of the total medical cost) 

2. prescription medications to treat complications of diabetes (18%) 

3. anti-diabetic agents and diabetes supplies (12%) 

4. physician office visits (9%), 

5. nursing/residential facility stays (8%) 

People with diagnosed diabetes incur average medical expenditures of about $13,700 per year, of 

which about $7,900 is attributed to diabetes. People with diagnosed diabetes, on average, have 

medical expenditures approximately 2.3 times higher than what expenditures would be in the 

absence of diabetes. For the cost categories analyzed, care for people with diagnosed diabetes 

accounts for more than 1 in 5 health care dollars in the U.S., and more than half of that 

expenditure is directly attributable to diabetes (Economics Costs, 2013).  

Group-based models of care such as shared medical appointments (SMAs) are a promising 

primary care health care delivery model because they provide a cost- and time-efficient solution 

to treating patients with significant health and behavioral concerns (Edelman et al., 2012). SMAs 

bring patients that share the same disease state together with one or more healthcare providers. 

While a traditional individual appointment with a primary care provider usually lasts 15 to 30 

minutes, a shared appointment can be 60 to 90 minutes long and includes health assessment and 

education. Innovations in primary care that engage the patient to self-manage a chronic disease 

state are increasingly vital for health care systems to embrace as a way of controlling costs and 
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improving health outcomes. There is growing evidence that indicates that active involvement of 

the patient and their family in the care they receive and health care decision-making is key to the 

effective management of common chronic disease states (Epstein et al., 2011). Improved health 

outcomes, lower costs, and greater satisfaction with health care experiences are all linked to 

higher levels of patient activation (Greene et al., 2012).  
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II. Background 

SMAs 

SMAs were offered at DFM from 2014-2016. Over the course of those three years, 

changes were made to the content and structure of SMAs at DFM. From 2014-2015, standard 

SMAs were offered. From 2015-2016, both PHP SMAs and standard SMAs were offered 

through a pilot clinical research study. The standard diabetes SMA consists of eight 90-minute 

sessions. Sessions were planned to be 90-minutes long, but participants were informed that they 

may be up to 2 hours long. For each SMA session, eight to ten patients were scheduled to attend. 

The educational modules for each session included content to provide the individual with general 

information on diabetes and living as a diabetic. The provider and other clinicians involved with 

leading the groups were trained in the tenets of personalized health planning to be prepared for 

leading the PHP specific curriculum. Patients in SMAs keep their primary care provider and are 

encouraged see their provider for any additional health care needs they may have. SMAs are a 

complement to routine care and do not replace normally scheduled visits with their usual 

providers and the care team. SMAs at DFM include the following personnel: a nurse, medical 

assistant, pharmacy, physician, and students in the medicine, physician assistant and pharmacy 

educational programs, as well as medical residents.  

 

Personalized Health Planning SMAs  

Personalized health planning is a key feature of personalized care as it anticipates the 

individual’s specific health needs and develops a coordinated means to achieve them. The 

Personalized Health Plan (PHP) is developed collaboratively by the provider and the patient and 

utilizes comprehensive health risk assessment as the basis for both enhancing health and well-

being and mitigating and tracking disease over time (Snyderman et al. 2016). Greater 

collaboration between patient and provider replaces the traditional physician-dominated dialogue 

with more effective patient-physician partnerships. The patient’s own needs and goals for health, 

wellness, and disease mitigation drive the planning process and nature of the plan. The PHP 

framework provides an operational care model for delivering personalized, proactive, patient-

driven care to individuals with a diverse range of needs. 
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The PHP SMA groups consisted of up to 10 patients and combined personalized health 

planning with a modified version of the standard shared diabetes medical appointment. 

Modifications included: a self-assessment of health status, greater emphasis on a collaborative 

patient-provider health goal-setting process, a mindfulness practice included in each session, and 

the creation of a ‘personalized health plan’ participant notebook for each individual to document 

health goals and track progress to review at each session. The participant notebook also includes 

educational handouts and worksheets to complement the educational curriculum (Simmons et al., 

2016). 

 

Table 1: Standard SMA and personalized health planning SMA comparison chart 

SMA 

type 

Health 

Self-

Assessment 

Health 

Goal 

Setting 

Shared 

Goal 

Setting 

Group 

Discussion 

Educational 

Modules 

Mindfulness 

Exercises 

Participant 

Notebook 

with 

Personalized 

Health Plan 

Standard 

SMA 

 X  X** X   

PHP 

SMA 

X X* X* X X X X 

(Snyderman et al., 2016) 

*The PHP SMA has more time dedicated to goal-setting, establishing action steps, and following up on progress on 

established health goals. Shared goal setting is distinct in the PHP SMA, in that it is a collaborative process between 

patient and provider.  

** The standard SMA has more time reserved for discussion on topics determined by the group.  

 

 

Patient Centered Medical Home 

The Patient-Centered Medical Home (PCMH) has been proposed as a practical solution 

to the primary care crisis and holds promise to deliver better chronic care. Diabetes lends itself 

well to the principles of the PCMH given its robust evidence-based guidelines, high cost, and 

well demonstrated quality gap. As a PCMH, DFM follows the four tenets of the model: 1) the 

fundamental tenets of primary care: first contact access, comprehensiveness, 

integration/coordination, and relationships involving sustained partnership; 2) new ways of 

organizing practice; 3) development of practices’ internal capabilities, and 4) related health 

care system and reimbursement changes. All of these are focused on improving the health of 

whole people, families, communities and populations, and on increasing the value of 

healthcare (Bojadzievski et al., 2011). 
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The PCMH can be regarded as a vehicle to adopt the Chronic Care Model (CCM), a 

widely-accepted evidence-based guide to quality improvement efforts in the primary care setting 

(Tsai et al., 2005). Diabetes care has long been aligned with the key principles of both the PCMH 

and the CCM, with early recognition of the importance of patient-centered care, self-

management, patient empowerment, and team-based care as keys to better diabetes care. One can 

easily imagine how these key elements described for the PCMH could be applied to improve 

diabetes care. In fact, many demonstration projects include a large focus on diabetes. 

 
HbA1c 

The American Diabetes Association has recommended glycated hemoglobin (HbA1c) as 

a possible substitute to fasting blood glucose for diagnosis of diabetes. HbA1c is an important 

indicator of long-term glycemic control with the ability to reflect the cumulative glycemic 

history of the preceding two to three months. HbA1c not only provides a reliable measure of 

chronic hyperglycemia but also correlates well with the risk of long-term diabetes complications. 

Elevated HbA1c has also been regarded as an independent risk factor for coronary heart disease 

and stroke in subjects with or without diabetes. The valuable information provided by a single 

HbA1c test has rendered it as a reliable biomarker for the diagnosis and prognosis of diabetes 

(Sherwani et al., 2016). 
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III. Literature Review 

SMAs 

Well-studied examples of these SMAs are based on the CCM to manage diabetes and 

chronic cardiac diseases. Edelman et al. (2012) conducted a meta-analysis of 17 unique studies 

comparing SMA interventions with usual care. Among patients with diabetes, SMAs improved 

HbA1c by 0.55% and improved systolic blood pressure by 5.2 mmHg. When assessing the 

impact of SMAs on utilization and cost, four of five studies suggested hospitalization was lower 

in the intervention arm, but only one found a statistically significant effect. In these same five 

studies, two reported significantly lower emergency room use while rates were not significantly 

different in the other three studies. 

In the managed care setting, Sadur et al. (1999) used monthly, 2-hour SMAs with a 

multidisciplinary team with subjects in poor glycemic control as demonstrated by an HbA1c > 

8.5%. The control subjects were managed as usual by their PCP. The SMA patients had a greater 

reduction in HbA1c than the standard care group (1.3 and 0.2%, respectively). Additionally, the 

SMA patients had lower hospital admission rates and reported more self-efficacy related to 

balancing food intake and glucose level, treating hypoglycemia, and managing blood glucose 

when ill.  

Trento et al. (2004) conducted a randomized, 5-year follow-up study of 112 patients with 

type II diabetes managed in group appointments compared to usual care. The group 

appointments included an educational component in each of four sessions focusing on weight 

control, meal planning, improving glycemic control, and preventing complications. The 

investigators found that knowledge of type II diabetes improved during 5 years in the group-

managed cohort, whereas it worsened in the control group. The researchers also found that 

group-managed patients, compared to control-group patients, had an improved quality of life 

over 5 years. The group-managed cohort maintained glycemic control, whereas control group 

patients' HbA1c levels became more elevated, indicating worsening control (−0.1 vs. 1.7%). 

In a nonrandomized trial by Gold et al. (2008), 44 Hispanic patients with uncontrolled 

type II diabetes were provided synchronous provider visits and self-management education 

sessions. The intervention period showed statistically significant improvement in HbA1c, 

whereas the control period did not. 

 



 10 

PHP 

Studies have suggested that PHP is an effective mechanism for improving health 

outcomes by involving the patient in their care through measurable goals and a behavioral 

support system to accomplish them. Edelman et al. (2006) conducted a randomized, controlled 

trial among 154 outpatients age 45 or over, with 1 or more known cardiovascular risk factors. 

Following a health risk assessment, each subject in the intervention group worked with a health 

coach and a medical provider to construct a personalized health plan that identified specific 

health behaviors important for each subject to modify. The selected behaviors were chosen given 

cardiovascular risk reduction and the interests of each individual subject. The approach was 

successful at reducing 10-year risk of coronary heart disease as measured by the Framingham 

Score in the subjects. 

Yang et al. (2013) demonstrated that PHP with telephonic health coaching was successful 

at reducing risk for midlife obesity and returning to pre-pregnancy weight in a case study of one 

woman who gained excess weight during pregnancy. A key finding of this study was that the 

patient increased engagement in her own health. PHP with behavioral support was also utilized 

for care with a sample of 230 multi-morbid, homebound Medicare recipients who were high 

utilizers of health care resources. Burnette et al. (2012) demonstrated that PHP provides a model 

for rational health care delivery that engages the patient to improve health outcomes. 

Collectively, these studies demonstrate that PHP with behavioral support is an effective 

approach for providing care to patients with chronic disease and chronic disease risk. Given that 

chronic disease prevention and treatment are significant goals for the U.S. health care system to 

reduce health care expenditures and improve health outcomes, developing and testing the 

efficacy of new and innovative applications of the PHP approach is a worthy endeavor. 

 

Cost-Effectiveness of SMAs 

 There is a lack of literature on the cost-effectiveness of shared medical appointments, 

specifically for diabetes. A good portion of studies that measure the effectiveness alone of SMAs 

for diabetes have calculated the direct cost of the SMAs themselves (personnel, training, etc.) to 

determine if, compared to seeing the same number of patients in a traditional appointment, they 

are more or less costly. However, very few calculate the true cost-effectiveness of SMAs. In a 

study of SMAs for neuromuscular patients in the Netherlands, Seesing et al. (2011) concluded 
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there were no substantial differences between SMAs and individual, traditional appointments in 

terms of cost per QALY (ICE ratio of €-960). Analysis showed that the cost-effectiveness ratio 

was particularly sensitive to SMA group size and proportion of patients seeing their treating 

neurologist. The study was able to show that a minimum of 6 patients per SMA and 75% of 

patients attending their treating neurologist are specific conditions under which SMAs qualify as 

a cost-effective alternative. This implies that SMAs may be a means to increase productivity of 

the physician without compromising quality of care (Seesing et al., 2015). 

 In the meta-analysis conducted by Edelman et al. (2012) of 17 studies comparing SMA 

interventions with usual care in diabetes patients, four studies reported effects on total costs: one 

in a large health maintenance organization, two in a university affiliated general medical clinic 

serving low-income patients, and another in an Italian diabetes clinic. For these studies, the cost 

analysis was a secondary aim, however, and findings were mixed. Both university-based studies 

showed significant cost differences but in different directions. The earlier study found higher 

total costs (inpatient, outpatient, and emergency department costs) for SMAs compared with 

usual care ($2,886 versus $1,490 per patient over 6 months). Higher total costs were driven by 

both outpatient and inpatient costs. In the later study, 1-year changes were heavily influenced by 

lower inpatient costs for the SMA group. The two other studies showed no significant difference 

in costs between SMAs and usual care arms. 
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IV. Model 

A number of guidelines on conducting cost-effectiveness analysis (CEA) exist. There are 

two reasons the World Health Organization’s (WHO) guide (2003) was used for this analysis. 

The first is that traditional CEA has focused on assessing new or additional interventions in 

comparison with current practice in that area. It is difficult to use this type of “incremental” 

analysis to determine if the current mix of interventions represents an efficient use of resources. 

Secondly, for all but the richest countries, the cost and time required to evaluate the large number 

of interventions and identify opportunities to enhance efficiency are prohibitive. It is important to 

maximize the possibility of generalizing results from one setting to another. The approach of 

generalized CEA proposed in the WHO’s guide seeks to provide analysts with a method of 

assessing whether the current mix of interventions is efficient as well as whether a proposed new 

technology or intervention is appropriate. It also seeks to maximize the generalizability of results 

across settings. A summary of key points and any deviations from the guide are listed below: 

Overall study design  

1. Analysts should evaluate all interventions initially against the “null”, i.e. the situation that 

would exist if none of the set of interacting interventions were implemented.  

2. All interventions should be evaluated under the assumption that they are implemented 

over a period of 10 years. However, costs and health effects related to the intervention 

should be followed for the duration of the lifetime of the beneficiaries. (WHO, 2003).  

In this case, the “null” is the current set of guidelines for treating type II diabetes and is 

measured during the six months prior to patients starting the SMAs (ADA, 2017). Since the 

SMAs are meant to teach patients to be self-sufficient with a set number of lessons, the costs and 

health effects related to the intervention were estimated for the short length of the SMA period 

only and no discounting of costs was necessary. Future research should study whether the SMAs 

are effective after the end of the SMA period itself and, if so, the cost-effectiveness should be 

recalculated over a 10-year period with discounting. 
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Estimating costs  

1. Analysts should follow the ingredients approach and collect and report information on the 

quantities and prices of the resources used in addition to total expenditures.  

2. The cost of providing health interventions should be included in the analysis as should 

the resources used up in seeking or obtaining an intervention (e.g. transport costs). It is 

recommended that productivity gains and losses due to an intervention, including time 

costs of seeking or obtaining care, should be excluded from the CEA.  

3. Costs of central administration and the education of health professionals can be regarded 

as existing or ongoing costs and should not be included in the analysis.  

4. Prices of traded and non-traded goods should, in theory, be expressed in terms of a 

common numeraire, and they recommend using the international price level to allow for 

comparability of results.  

5. Prices should be adjusted to a common year using the GDP deflator where possible. If 

this is not available, the Consumer Price Index can be used (WHO, 2003).  

All purchased goods are calculated in U.S. Dollars for ease of analysis since reimbursement 

values specific to clinical care in the U.S. were used to calculate total costs. Costs were all 

calculated using the current year prices so no prices needed to be adjusted using the GDP 

deflator. Costs were estimated using the societal perspective—all costs and benefits were 

counted irrespective of to whom they accrued. 

Estimating health effects  

1. It is recommended that analysts express population effectiveness in terms of Disability 

Adjusted Life Years, although measures such as QALYs could also be used.  

2. The null set can be estimated using natural history models, using trial data or by back- 

adjusting using coverage rates and effectiveness of currently implemented interventions.  

3. Data on the efficacy of interventions ideally comes from systematic reviews of studies. 

Efficacy can be expressed as relative risks for rates and effects sizes for means (WHO, 

2003). 
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Since the original study used HbA1c as the outcome measure, cost-effectiveness was calculated 

using changes in HbA1c. For ease of comparison, the changes in HbA1c were converted to 

changes in QALYs using a known conversion factor from previous studies.  

Sensitivity and uncertainty analysis  

1. Uncertainty related to parameter estimates should be quantified through probabilistic 

uncertainty analysis using bootstrapping.  

2. Stochastic league tables should be used to provide additional information to policy-

makers about how to interpret results in the face of uncertainty.  

Given the WHO’s guidelines the following formulas were derived: 

Incremental Cost-Effectiveness = 
Net Costs

Net QALYs
=  

𝐶𝑜𝑠𝑡𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡– 𝐶𝑜𝑠𝑡𝐶𝑜𝑛𝑡𝑟𝑜𝑙

∆𝑄𝐴𝐿𝑌𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 −  ∆𝑄𝐴𝐿𝑌𝐶𝑜𝑛𝑡𝑟𝑜𝑙
 

Cost-Effectiveness = 
Cost

∆QALYs
 

Cost = ER + Rx + Lab + Inpatient + Specialist + PC + SMA + Travel 

∆QALYS = ∆HbA1c % × 0.413 

where ER is emergency room costs; Rx is medication costs; Lab is HbA1c, LDL, Glucose, and 

Microalbumin test costs; Inpatient is inpatient costs; Specialist is specialist visit costs; PC is 

primary care visit costs; SMA (for intervention period only) is shared medical appointment costs; 

Travel is cost of travel to DFM; and HbA1c is the change in HbA1c level during the period. 
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V. Data 

 Data for this study was collected from three different sources:  

1. 2014-2015: SMAs as quality improvement, no inclusion/exclusion criteria, not clinical 

research study. These SMAs included 8 sessions over the course of 11 months. 

2. 2015-2016: SMAs and PHP SMAs as clinical research study, inclusion/exclusion criteria. 

These SMAs included 8 sessions over the course of 7 months.  

a. Voluntary participation in this study was solicited from patients through two 

different methods: 1) a wait list or 2) an EMR-based query for eligible patients, 

followed by a recruitment letter and phone call. 

3. ALL patients who participated in an SMA, both for quality improvement and for clinical 

research, from 9/1/2014-9/1/2016 were included in a retrospective chart review to collect 

data required for CEA. 

Participants in clinical research groups (2015-2016) received a physical exam and health 

evaluation to collect the following health data: LDL levels, blood pressure, BMI, and HbA1c. 

The LDL levels were collected at the beginning of the study, the mid-point, and at the final 

session. The BMI and blood pressure for each subject was collected at all 8 sessions. A HbA1c 

test was administered at approximately every 3 months through the duration of group sessions, in 

accordance with standard of care guidelines for HbA1c collection. Data collected through the 

retrospective chart review for patients in the first SMA cohort (September 2014-December 2015) 

included HbA1c, low density lipoprotein (LDL), BMI, and blood pressure. These measures were 

collected from dates closest to the patient’s first SMA session, their 4th SMA session, and their 

last SMA session, all within the date range 9/1/2014 to 12/31/2015. Attendance at SMA sessions 

was also tracked (number of sessions out of 8 total attended by each patient). The following 

additional data was collected from both the first SMA cohort and the second SMA cohort 

(December 2015-September 2016) through the retrospective chart review to include data 

necessary for a cost effectiveness analysis. Six months prior to the subject’s first SMA session, 

during the course of the SMA sessions attended by the subject, and up to six months after the 

subject’s final SMA session, we collected the following data: HbA1c scores, number and type of 

medications, type of insurance and payments, number and type of visit (including inpatient, 

outpatient, emergency room, primary care and specialty visits), laboratory tests completed, and 

address (to calculate travel time from home to DFM).  
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Data was collected during the six months previous to starting the SMAs as control. In order 

to compare the SMA periods of 11 and 7 months for patients 1-21 and 22-28, respectively, the 

six-month control costs were scaled to the equivalent length of time as the SMAs. Therefore, 

paired t-tests for 11-month and 7-month groups were conducted separately. Occasionally, there 

was a change, but not a statistically significant change, so the costs for each patient where scaled 

to per month cost in order to conduct one paired t-test and increase the sample size. Increasing 

the sample size by conducting more SMAs is likely necessary to show statistically significant 

changes in most categories investigated in this study. Paired t-tests were done to compare the 

data collected by the research team to calculate the power of the intervention and detect its 

effect. They were performed on the pre-intervention data that was collected and paired to data 

that was collected in subsequent observations to draw conclusions on the impact of the 

intervention in both groups. The paired t-tests are used to measure whether means from within a 

tested group vary over 2 test conditions. By comparing the same patient's measures before, 

during, and after the SMA intervention, it effectively uses each patient as their own control.  

 

Insurance 

The type of primary and secondary health insurance was collected from each patient’s 

medical record. Using the name of the insurance, the copay amounts for primary care, specialist, 

emergency room, lab, inpatient and tiers of drugs were recorded form the insurance companies’ 

websites. Using the reimbursement data from DFM and Medicare’s value of 1.5 Relative Value 

Units (RVUs) for the Level 4 Evaluation & Management, the dollar per RVU for each type of 

insurance was calculated to allow for estimates of other Current Procedural Terminology (CPT) 

codes if data was not publicly available but RVU values were known. For patients without health 

insurance, it is assumed that they are paying the total cost of each category not just the copay like 

patients with insurance. Total costs for patients without insurance were calculated using the 

standard discount from the billed price for patients at DFM without insurance. All Medicare and 

Medicaid rates were calculated for DFM’s zip code (27708). 

 

Emergency Room Visits 

The use of SMAs to stabilize patients’ diabetes was hoped to decrease the number of 

emergency room visits and therefore lower costs. The number of emergency room visits for six 
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months before the SMAs and during the SMAs were recorded. Using the insurance information 

of each patient, the out of pocket costs for patients were calculated. In order to estimate the cost 

of the tests, procedures, etc. performed during each emergency room visit, the average cost of 

emergency room expenses per person from the Agency for Healthcare Research and Quality’s 

Medical Expenditure Panel Survey for the patients’ corresponding age ranges were used ($1686 

per visit for ages 45 and over, $1404 per visit for ages 18-44) (AHRQ, 2013).  

 

Medications 

The lists of medications for every patient were recorded at the beginning of the control 

period, at the end of the control period/beginning of the treatment period, and the end of the 

treatment period. The lists of medications were then converted to Tier 1, Tier 2, Tier 3, and Tier 

4 according to Medicare’s formulary list. The cost of any over-the-counter medications or 

supplements were calculated by looking up the price at the closest Walmart to DFM and pro-

rating the total cost for a 30-day supply. The out-of-pocket costs for medications for each patient 

were calculated using the tiered 30-day supply copays for each insurance company (assuming 

patients had not yet reached their deductible) and the corresponding number of medications in 

each tier in addition to the OTC costs. If patients’ insurance companies allowed for cheaper 

copays for 90-day supplies, the copay was pro-rated to 30 days. The total cost for 30 days was 

then scaled to the same amount of time as the treatment and control periods (11 or 7 months). 

The total cost for the drugs was not able to be calculated because the amount that individual 

insurance companies reimburse pharmacies is not readily available. Future studies could attempt 

to calculate this using the National Average Drug Acquisition Cost, the Usual and Customary 

Cost, or the Average Cost per Claim per drug from Medicare. For the patients without drug 

coverage, out-of-pocket costs were calculated using the cheapest pharmacy price in the treatment 

zip code (27708).  

Since the patients’ medications changed throughout the control and treatment periods for 

each patient, an average of the post and pre-period medication cost were used since the 

medications likely changed throughout the period, not all at the beginning or end of the period. 
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Labs 

In order to measure clinical outcomes of the SMAs, lab tests for HbA1c, Glucose, Lipid 

Profiles, and Microalbumins were conducted at the first, middle, and last sessions. According to 

the American Diabetes Association, patients who are meeting their treatment goals and who have 

stable blood glucose control should get HbA1c testing at least twice a year. Patients whose 

treatment has been changed recently or who are not achieving their blood glucose targets should 

be tested four times a year. In order to determine any possible extra cost of these tests, the 

number of tests ordered for each test was recorded during the control period and treatment period 

for each patient. To calculate the out-of-pocket costs for each patient in the control and treatment 

periods, the copays for each patient were used from their respective insurance. To calculate the 

total cost of the tests, the reimbursement amount for each test according to each insurance 

company was used. Patients without insurance were estimated to pay the entire cost of the test, 

discounted according to DFM’s policies. Since reimbursement amounts for every test for every 

insurance type was not known in this case, the Medicare reimbursement amount was scaled 

using the percentage compared to Medicare for other CPT codes. 

 

Hospital Admissions 

The increase in patient education and diabetes control was hoped to decrease the number 

of hospital admissions patients experienced in order to decrease cost. The number of hospital 

admissions and length of admission for each stay (in days) were recorded for control and 

treatment periods. The out-of-pocket cost for each patient was calculated using their respective 

insurance companies’ copay amounts. These payments were daily or per admission depending on 

the insurance. The total cost of hospital admissions for each patient was estimated using the 

average cost per inpatient day for non-profit North Carolina hospitals from Kaiser State Health 

Facts ($1,976 average cost per day in NC non-profit hospital) (Ellison, 2016).  

 

Specialist Visits 

The number of specialist visits (i.e. endocrinology, urology, etc.) were recorded during 

the control and treatment phases. These were combined because of the lack of data to estimate 

the cost of each separately. Additionally, some types of specialist were only seen by one or two 

patients so costs were estimated together for ease of reproducibility. The out-of-pocket costs for 
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specialist visits were calculated using the copays for each patients’ respective insurance 

company. The total cost for each patients’ specialty visits were estimated using Level 4 

Evaluation and Management reimbursement. It was too difficult to obtain the data for individual 

CPT codes billed by each physician for each visit. Since the amount that each private insurance 

company reimburses is private, the amount was estimated using the known reimbursement rates 

for DFM and scaling based on Relative Value Units.  

 

Primary Care Visits 

The number of primary care visits per patient during the control and treatment periods 

were recorded. The SMAs are not meant to replace visits with a patient’s primary care physician. 

The number of extra appointments with the patient’s primary care provider were hoped to 

decrease with the monthly SMA and increased control of their diabetes. The out-of-pocket cost 

of each patient’s primary care appointments were calculated using their respective health 

insurance copays. The total cost for each patient’s primary care visits was calculated using the 

amounts that DFM is reimbursed for a Level 4 Evaluation & Management. 

 

Shared Medical Appointments 

The number of SMAs attended by each patient was recorded. The out-of-pocket costs for 

each patient were calculated using their respective health insurance copay. For most patients, this 

was the same copay as for their primary care physician. For one patient, his or her copay was 

higher due to his or her insurance company allowing patients to select a “medical home” where 

their copay amount is much lower. The total cost for each patient’s total SMAs attended was 

calculated using the amounts that DFM is reimbursed for a Level 4 Evaluation & Management. 

 

Travel Costs 

The distance from each patient’s home to DFM was calculated. Using the Internal 

Revenue Service’s value of 0.535 for mileage reimbursement, the cost of travelling from their 

home to DFM and back was estimated. Using the number of SMA, primary care, specialist, 

inpatient, and emergency room visits, each patient’s total cost of travel was estimated. The 

opportunity cost of each patients’ time travel and visit time was not calculated because we did 
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not have data for every patients’ occupation or employment status. Additionally, many were of 

retirement age so quantifying time was difficult. 

 

HbA1c 

During the SMAs, each patient’s HbA1c was measured at the first, middle, and last visit. 

Additionally, each patient’s closest HbA1c to six months prior to the beginning of their SMAs 

was recorded. Measuring HbA1c served as a measure of the effectiveness and a health outcome 

indicator of the SMAs.  

 

Out-of-pocket costs 

The out of pocket costs for each patient for the treatment and control periods were 

estimated using the total copays for primary care visits, specialist visits, inpatient stays, labs, 

prescription copays, and emergency room visits. Additionally, travel costs and over-the-counter 

medications and supplements were included. For the treatment period, the SMA copays and 

travel costs were also included. 

 

Total costs 

The total cost of healthcare for each patient during both control and treatment periods 

was estimated using the OOP costs and the insurance reimbursement amounts for SMAs (for the 

treatment period only), primary care visits, specialist visits, hospital admissions, and labs. 

 

Cost-Effectiveness 

According to the WHO’s guidelines, the numerator in the cost-effectiveness ratio is the 

change in cost due to the application of an intervention and the denominator is the change in 

health benefit. Since some patients did not have a change in HbA1c, an infinitesimal value was 

used to allow for HbA1c to be in the denominator. Typically, cost-effectiveness is calculated 

using QALYs. The quality-adjusted life-year (QALY) is a measure of the value of health 

outcomes. Since health is a function of length of life and quality of life, the QALY was 

developed as an attempt to combine the value of these attributes into a single index number. The 

QALY calculation is simple: the change in utility value induced by the treatment is multiplied by 

the duration of the treatment effect to provide the number of QALYs gained. QALYs can then be 
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incorporated with medical costs to arrive at a final common denominator of cost/QALY. This 

parameter can be used to compare the cost-effectiveness of any treatment (Prieto et al., 2003).  

According to McEwan et al. (2010), achieving a 1% reduction in HbA1c is associated 

with an estimated gain of 0.413 QALYs. In brief, the model is a fixed-time-increment stochastic 

simulation designed to evaluate the impact of new therapies in a population of patients with type 

II diabetes (McEwan et al., 2006). Using their estimate, the changes in HbA1c were converted to 

changes in QALYs for each patient. Then the averages were taken of the change in HbA1c, 

change in QALY, and total cost for the control and SMA periods of both the 11 and 7-month 

groups. To calculate the Average Cost-Effectiveness, the Average Change in HbA1c or QALY 

was divided by the Average Total Cost for the respective group. 

The incremental cost-effectiveness ratio (ICER) is a statistic used in cost-effectiveness 

analysis to summarize the cost-effectiveness of a health care intervention. It is defined by the 

difference in cost between two possible interventions, divided by the difference in their effect. It 

represents the average incremental cost associated with 1 additional unit of the measure of effect. 

Costs are usually described in monetary units, while effects can be measured in terms of health 

status or another outcome of interest. A common application of the ICER is in cost-utility 

analysis, in which case the ICER is synonymous with the cost per quality-adjusted life year 

(QALY) gained. The incremental cost-effectiveness ratios for each patient and entire study were 

calculated by taking the difference in costs for the treatment and control periods and then 

dividing by the difference in change of HbA1c or QALYs. 
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VI. Results 

Emergency Room Visits 

The decreases in number of emergency room visits for both the 11-month and 7-month 

SMAs (0.3968 and 0.2451) compared to their regular care were not statistically significant using 

paired t-tests. However, comparing the monthly average of emergency room visits during the 

control and treatment periods showed a statistically significant decrease in the number, and 

therefore cost, of emergency room visits. On average, each patient’s monthly average of 

emergency room visits decreased by almost half (0.0746 to 0.0390) during the SMA period. 

Increasing power through sample size is likely necessary. 

 

Medications 

The 30-day out-of-pocket cost of medications increased on average $7.74 per patient, a 

statistically significant finding. The increase in cost of medication is not surprising since the 

SMAs included a pharmacist that, for the majority, increased the number of medications each 

patient was taking in hope of gaining control over their diabetes. Since the SMAs only lasted 11 

and 7 months, the effects of diabetes control on patients’ comorbidities and other medications 

might not have been apparent yet.  

 

Labs 

The change (-$17) in total lab costs was not statistically significant for the 11-month 

SMAs. The increase in lab costs was statistically significant for the 7-month SMAs. The cost of 

labs increased, on average, $34 per patient during the SMAs. 

 

Hospital Admissions 

The 11-month SMAs saw a non-statistically significant increase of $188 in cost for 

hospital admissions. The 7-month and monthly estimates saw non-statistically significant 

decreases of $310 and $10, respectively, in hospital admissions costs. Since hospital admissions 

are significantly more expensive than most other healthcare costs, one would hope that with a 

larger sample size the decrease in admissions costs will be statistically significant. 
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Specialist Visits 

Both the 7-month SMAs and the 11-month SMAs had non-significant decreases in 

specialist costs of $94 and $262. An increased sample size could prove that the decrease is 

statistically significant. 

 

Primary Care Visits 

In both the 7-month and 11-month SMAs the cost and number of primary care visits 

decreased during the SMA period from the control period on average. For the 11 month SMA 

and 7 month SMA, the primary care costs statistically significantly decreased on average by 

$326.49 and $297.64, respectively. This is likely because the SMAs replaced patients’ non-

regular visits with their primary care physicians. 

 

Shared Medical Appointments 

Since each SMA required a copay equal to their regular primary care appointments and 

the SMAs were not meant to replace their regular primary care appointments, it was questioned 

whether patients would be less likely to attend because it would be an added expense. Since 

some patients had low to no copays for SMAs and some had up to $25 copays, we calculated the 

correlation between patients’ copay cost and number of SMAs attended. Copay and number of 

SMAs attended had a weak positive linear relationship with a correlation coefficient of +0.3969. 

Copay amount is a statistically significant variable when predicting the number of SMAs 

attended because the P-value is less than 0.05. 
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Graph 1: A comparison of the change in HbA1c values to the copay amount for SMAs for 

each patient 

 

 

Travel Costs 

Since some patients cited difficulty getting to DFM as a reason for not attending sessions, 

the correlation between the distance of the patients’ homes and the number of SMAs they 

attended was calculated. There was an extremely weak, negative relationship with a correlation 

coefficient of -0.0471. Since the P-value of distance as a variable is significantly greater than 

0.05, distance from home to DFM is not a good predictor of number of SMAs patients will 

attend. Additionally, since some patients lived more than 20 miles away, one up to 75 miles, it 

was unclear if their records for emergency room visits are accurate if those far away patients 

went to a closer, local hospital in an emergency. The correlation between the number of 

emergency room visits and the distance from Duke Medical Center was an extremely weak, 

positive relationship with a correlation coefficient of +0.0207.  

 

HbA1c 

On average, each patient decreased their HbA1c level by 0.32368 over the course of the 

SMAs. With a P-value of 0.0508, this finding is barely out of the range of statistically significant 

at the 0.05 level. To determine whether the number of SMAs attended has a relationship with the 

HbA1c level at the end of the SMAs, the correlation was calculated. With a correlation 

coefficient of -0.2495, the number of SMA sessions and change in HbA1c have a very weak 
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negative linear relationship. With a P-value of 0.1309, the number of SMAs attended is not a 

statistically significant predictor of the change in HbA1c at the 0.05 level. 

 

Graph 2: A comparison of the change in HbA1c levels to number of SMAs attended for 

each patient 

 
 

Since some patients only attended 1 or 2 SMAs out of the total 8, the calculations were 

repeated with the patients that attended a majority (>50%) of the SMAs. 21 of the 38 patients 

attended 5 or more of the SMAs. For the patients that attended a majority of the SMAs, their 

HbA1c levels decreased on average 0.5809 points. This finding is statistically significant at the 

0.05 level. Performing regression analysis to determine whether the number of SMAs attended 

(for the patients that attended >50%) is a good predictor of the decrease in HbA1c did not 

produce any statistically significant findings with a P-value of 0.7461  

 

Table 2: t-Test: Paired Two Sample for Means 

HbA1c t- Critical one-tail = 1.724718243 
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Out-of-pocket Costs 

For the 11-month SMA, the total out-of-pocket (OOP) costs per patient decreased on 

average $850. With a t-Stat of 3.25, this decrease was statistically significant. For the 7-month 

group, the OOP costs also decreased but the finding was not statistically significant. In order to 

increase the sample size and hopefully find a statistically significant decrease for both groups, 

the monthly OOP costs were calculated. The average monthly OOP costs decreased on average 

$49.64 per patient. This finding is statistically significant with a t Stat of 3.1089. 

 

Total Cost 

The total costs for both the 11-month and 7-month SMAs decreased ($1092.15 and 

$945.69) compared to the control periods, however, neither of these decreases were statistically 

significant. Therefore, the monthly cost was calculated to give a larger sample size by combining 

both the 11-month and 7-month groups. Calculating the monthly total costs still showed a non-

statistically significant decrease, this time of $115. Since the sample size is small at 38, the tests 

should be repeated once more patients complete SMAs. 
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Table 3: t-Test: Paired Two Sample for Means 

11-month T-Critical One-Tail = 1.724718243 

Category Control Mean Treatment Mean T Stat 

Emergency 

Room Visits 
0.873015873 0.476190476 1.433318013 

Lab Costs 146.3335326 129.1175873 0.580147556 

Inpatient Costs 1035.047619 1223.238095 -0.191514018 

Specialist Costs 791.5517063 697.5011905 0.565089827 

Primary Care 

Costs 
711.1534921 384.715 4.360678239 

OOP Costs 2059.025524 1208.860796 3.325219164 

Total Cost 6633.821208 5541.675193 0.662090887 

 

Table 4: t-Test: Paired Two Sample for Means 

7-month T-Critical One-Tail = 1.745883676 

Category Control Mean Treatment Mean T Stat 

Emergency 

Room Visits 
0.480392157 0.235294118 1.307217464 

Lab Costs 76.96478517 110.9265531 -2.623980107 

Inpatient Costs 542.4313725 232.4705882 0.828587447 

Specialist Costs 1044.692902 782.3839999 1.457512795 

Primary Care 

Costs 
516.8312056 219.1945881 2.921472975 

OOP Costs 1078.986314 970.6516912 0.825581746 

Total Cost 4573.881946 3628.196903 1.154545845 

 

 

Table 5: t-Test: Paired Two Sample for Means 

Monthly T-Critical One-Tail = 1.68709362 

Category Control Mean Treatment Mean T Stat 

Emergency 

Room Visits 
0.074561404 0.038961039 1.965602927 

Medications 113.8976906 121.6410327 -2.42566736 

Inpatient Costs 86.66666667 76.31168831 0.190280504 

OOP Costs 172.401638 122.7663716 3.108949757 

Total Cost 625.5938624 510.2867649 1.190894218 

 

 

 
  



 28 

Cost-Effectiveness 

For the 11-month SMA, the cost-effectiveness of the SMA period was better than the 

control period. The cost of -1% HbA1c was $12,885 during the control period and $10,211 

during the treatment period, a decrease of $2,674. The cost of +1 QALY was $31,199 during the 

control period and $24,724 during the treatment period, a decrease of $6,475. For the 7-month 

SMA, the cost-effectiveness of the SMA was worse than the control period. The cost of -1% 

HbA1c was $7,575 during the control period and $68,762 during the treatment period, an 

increase of $61,187. The cost of +1 QALY was $18,342 during the control period and $166,493 

during the treatment period, an increase of $148.152. Since the sample sizes were small, 21 and 

17 patients for the 11-month and 7-month cohorts, the calculations should be repeated once more 

patients have completed SMAs.  

For the patients that attended a majority of the SMAs, the cost-effectiveness of the SMA 

period was better than the control period. The cost of -1% HbA1c was $87,389 during the control 

period and $10,603 during the treatment period, a decrease of $76,786. The cost of +1 QALY 

was $211,595 during the control period and $25,672 during the treatment period, a decrease of 

$185,923 

The average incremental cost-effectiveness for all 38 patients was (-29,497) $/HbA1c and 

(-59,796) $/QALY. The incremental cost-effectiveness scatterplots include a single point 

representing each patient’s incremental costs and effectiveness values.  
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Graph 3: Incremental cost-effectiveness scatterplot of SMA vs traditional appointments for 

all 38 patients (HbA1c)

  

The graph can be divided into 4 quadrants: southeast, SMAs are less costly and less effective; 

southwest, SMAs are less costly and more effective; northwest, SMAs are costlier and more 

effective; northeast, SMAs are costlier and less effective. 
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Graph 4: Incremental cost-effectiveness scatterplot of SMA vs traditional appointments for 

all 38 patients (QALY)

  

The graph can be divided into 4 quadrants: southeast, SMAs are less costly and more effective; 

southwest, SMAs are less costly and less effective; northwest, SMAs are costlier and less 

effective; northeast, SMAs are costlier and more effective. 
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Table 6: Cost-effectiveness $/HbA1c for all patients  

 
Avg Decrease 

HbA1c 
Avg Total Cost ($) 

Avg Cost-

Effectiveness 

($/HbA1c) 

11-month 

Control 
0.51484127 6633.821208 12,885.17762 

7-month Control 0.603803922 4573.881946 7,575.11136 

11-month SMA 0.542714286 5541.675193 10,211.03615 

7-month SMA 0.052764706 3628.196903 68,761.81421 

 

Table 7: Cost-effectiveness $/QALY for all patients  

 Avg QALY 

Increase 

Avg Total Cost ($) Avg Cost-

Effectiveness 

($/QALY) 

    

11-month 

Control 0.212629444 6633.821208 31,198.97729 

7-month Control 0.24937102 4573.881946 18,341.674 

11-month SMA 0.224141 5541.675193 24,724.05848 

7-month SMA 0.021791824 3628.196903 166,493.4969 

 

Table 8: Cost-effectiveness $/HbA1c for patients that attended >50%  

 Avg Decrease 

HbA1c 

Avg Total Cost 

($) 

Avg Cost-

Effectiveness 

($/HbA1c) 

Control 0.0695238 6,075.59 87,388.66 

Treatment 0.5809524 6,159.61 10,602.61 

 

Table 9: Cost-effectiveness $/QALY for patients that attended >50% 

 

 Avg QALY 

Increase 

Avg Total Cost 

($) 

Avg Cost-

Effectiveness 

($/QALY) 

Control 0.028713333 6,075.59 211,594.8124 

 Treatment 0.239933333 6,159.61 25,672.18772 
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Table 10: Summary of findings (SMA vs. Traditional) 

 
11-month SMA 

group 
7-month SMA group 

Monthly (both 

groups) 

ER  nss  nss  ss 

Rx ------ ------  ss 

Lab  nss  ss ------ 

Inpatient  nss  nss  nss 

Specialist  nss  nss ------ 

PC  ss  ss ------ 

HbA1c ------ ------  nss 

>50% Attendance 

HbA1c 
------ ------  ss 

OOP Costs  ss  nss  ss 

Total Cost  nss  nss  nss 

CE SMA dominates Traditional dominates ------ 

>50% Attendance CE ------ ------ SMA dominates 

*nss= not statistically significant, ss = statistically significant 
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VII. Conclusion 

 In the current healthcare market of increasing costs at rates above those of inflation, this 

study aims to provide empirical evidence for a more cost-effective treatment of type II diabetes.  

Using data from two groups of SMAs and a retrospective chart review, total societal costs and 

glycemic control were estimated in order to calculate the cost-effectiveness of SMAs compared 

to the current standard of care of traditional one-on-one appointments. With a small sample size 

of 38 patients, and therefore little statistical power, the decrease in HbA1c was not statistically 

significant. However, for the patients that attended more than 50% of the SMA sessions, the 

decrease in HbA1c was statistically significant. There were mixed results of cost-effectiveness 

for all 38 patients, but for patients that attended a majority of the SMA sessions the cost-

effectiveness of SMAs was greater. Therefore, future studies might focus on how to increase 

attendance at SMAs and increase sample size. Additionally, further studies should examine the 

long-term effects to see whether patients can maintain the decreases on their own once SMAs are 

over, which is the real value of the approach—teaching patients to manage their own care in 

order to decrease healthcare costs. This study could not estimate long-term effects at this time 

since many patients’ HbA1c levels have not been tested since the conclusion of their SMA 

sessions over 6 months ago. Once these patients’ values are known, a Markov model can be 

utilized to calculate 10-year cost-effectiveness, the typical standard for comparison of cost-

effectiveness values. 

Other points of research interest include SMAs on the same treatment schedule as 

individual, traditional appointments and performed by the same health care provider. 

Additionally, since DFM is considered a part of the greater hospital and not a private clinic by 

health insurance companies, there is a large facility fee for patients with private insurance to use 

services at DFM. Therefore, the patient population has higher percentages of Medicare and 

Medicaid than the national average. SMAs should also be conducted at private clinics to evaluate 

reproducibility across insurance types. These types of studies are imperative in order to provide 

evidence to insurance companies to shift from a fee-for-service payment model that encourages 

quantity instead of quality to a value-based care model that reimburses the most cost-effective 

practices.  
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 Table 11: Regression Results for SMAs Attended vs. Copay 

SUMMARY OUTPUT 

  

Regression Statistics 

Multiple R 0.39691842 

R Square 0.157544232 

Adjusted R Square 0.134142683 

Standard Error 2.168094145 

Observations 38 

  

 

 

Table 12: Regression Results for SMAs Attended vs. Travel Costs 

ANOV

A 
        

 Coeffici

ents 

Standard 

Error 
t Stat P-value 

Lower 

95% 

Upper 

95% 

Lower 

95.0% 

Upper 

95.0% 

Intercep

t 

3.72968

4728 

0.531367

111 

7.01903

5715 

3.09944

E-08 

2.65202

2279 

4.80734

7178 

2.65202

2279 

4.80734

7178 

X 

Variable 

1 

0.09672

9016 

0.037280

164 

2.59465

0998 

0.01361

2324 

0.02112

1338 

0.17233

6693 

0.02112

1338 

0.17233

6693 

 

SUMMARY OUTPUT  

   

Regression Statistics  
Multiple R 0.047112897  
R Square 0.002219625  

Adjusted R Square 

-

0.025496497  
Standard Error 2.359511299  

Observations 38  
 

ANOVA         

  

Coeff

icient

s 

Standa

rd 

Error t Stat 

P-

value 

Lower 

95% 

Uppe

r 

95% 

Lower 

95.0% 

Upper 

95.0% 

Intercept 

4.841

4223 

0.4722

22017 

10.252

42816 

3.178

14E-

12 

3.883711

661 

5.799

1329

39 

3.883

71166

1 

5.7991

32939 

X Variable 1 

-

0.008

7138

8 

0.0307

92009 

-

0.2829

91621 

0.778

8041

9 

-

0.071162

969 

0.053

7352

08 

-

0.071

16296

9 

0.0537

35208 
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Table 13: Regression Results for Change in HbA1c vs. SMAs Attended for All Patients 

SUMMARY OUTPUT 

  

Regression Statistics 

Multiple R 0.249493169 

R Square 0.062246841 

Adjusted R Square 0.036198142 

Standard Error 1.166790886 

Observations 38 

         
ANOVA         

  
Coefficien

ts 

Standard 

Error 
t Stat P-value 

Lower 

95% 

Upper 

95% 

Lower 

95.0% 

Upper 

95.0% 

Intercept 
0.282490

502 

0.4354236

65 

0.648771

586 

0.520603

491 

-

0.6005896

21 

1.165570

625 

-

0.600589

621 

1.165570

625 

X 

Variable 

1 

-

0.127263

199 

0.0823260

34 

-

1.545843

918 

0.130888

844 

-

0.2942281

35 

0.039701

737 

-

0.294228

135 

0.039701

737 

 

 

Table 14: Regression Results for Change in HbA1c vs. SMAs Attended For >50% 

Attendance Patients 

 

Regression Statistics 

Multiple R 0.075156867 

R Square 0.005648555 

Adjusted R Square -0.046685732 

Standard Error 1.247406488 

Observations 21 

 

ANOVA         

  

Coefficie

nts 

Standard 

Error t Stat P-value 

Lower 

95% 

Upper 

95% 

Lower 

95.0% 

Upper 

95.0% 

Intercept 

-

1.059298

78 

1.4812451

63 

-

0.715140

752 

0.483217

925 

-

4.159580

537 

2.040982

977 

-

4.159580

537 

2.040982

977 

X 

Variable 

1 

0.073323

171 

0.2231853

72 

0.328530

361 

0.746103

937 

-

0.393809

181 

0.540455

522 

-

0.393809

181 

0.540455

522 
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Figure 1: Flow diagram of the Cardiff stochastic simulation cost-utility (DiabForecaster) 

model (McEwan et al., 2006) Simulation endpoints: a. Cardiovascular endpoints: fatal and non-

fatal myocardial infarction; fatal and non-fatal stroke. b. Retinopathy health states: no 

retinopathy; background retinopathy; proliferative retinopathy; macular edema; severe vision 

loss. c. Nephropathy health states: no nephropathy; microalbuminuria; gross proteinuria; end-

stage renal disease. d. Neuropathy health states: no neuropathy; symptomatic neuropathy; lower 

extremity amputation 

 

 
 


